Influence of sterols and phospholipids on sarcolemmal and sarcoplasmic reticular cation transporters.
We have examined the influence of different sterols and phospholipids on the activities of the cardiac sarcolemmal Na+-Ca2+ exchanger and Na+,K+-ATPase and the sarcoplasmic reticular Ca2+-ATPase in reconstituted proteoliposomes. When either the solubilized Na+-Ca2+ exchanger or the Na+,K+-ATPase is reconstituted into phosphatidylcholine (PC):phosphatidylserine (30:50 by weight) vesicles, high cholesterol levels (20% by weight) are required for activity to be expressed. This sterol requirement is highly specific for cholesterol. Several cholesterol analogues with minor structural changes are unable to support Na+-Ca2+ exchange or Na+,K+-ATPase activities. When solubilized sarcolemma is reconstituted into PC:cardiolipin vesicles, however, the requirement for cholesterol is lost. Substantial activity can be obtained in the complete absence of cholesterol or in the presence of several cholesterol analogues. Thus, sterol/protein interactions can be highly dependent on the phospholipid environment. In contrast, the skeletal muscle sarcoplasmic reticular Ca2+-ATPase functions equally well in the presence or absence of cholesterol after reconstitution into either PC:phosphatidylserine or PC:cardiolipin proteoliposomes. Phospholipid requirements of the transporters were also examined. The sarcolemmal Na+-Ca2+ exchanger, Na+,K+-ATPase, and the sarcoplasmic reticular Ca2+-ATPase all function optimally in the presence of phosphatidylserine or cardiolipin after reconstitution. Thus, the sarcolemmal cation transporters have similar sterol and phospholipid requirements and may have structural similarities in their hydrophobic regions. The sarcoplasmic reticular Ca2+ pump evolved in a low cholesterol membrane and has different lipid interactions. These findings may have general applicability to other plasma membrane and endoplasmic reticular enzymes.